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Abstract 
Atmospheric particulate matters were collected on quartz fibre filters for 24 hours with a low 
volume sampler from January 2014 to March 2014 at the Southeast Asian mega city (Dhaka, Bang-
ladesh). Particulate matters samples were analysed for eleven trace metals with inductively cou-
pled plasma mass spectrometer (ICP-MS) at Cà Foscari University of Venice, Italy. Trace metals 
were extracted from filters with digestion method using a mixture of HNO3 and H2O2. The average 
concentration of the determined trace metals of As, Cd, Ni, Cu, Pb, Cr, Fe, Mn, Zn, Sband Se were 
3.06, 6.28, 3.77, 11.98, 305.6, 9.2, 2057.0, 42.2, 303.3, 5.47 and 2.43 ng∙m−3, respectively. Arsenic 
concentration is much lower in the atmosphere of Dhaka, though Bangladesh has severe arsenic 
problem in the ground water. Lead and cadmium concentrations showed decreasing trend in 
Dhaka compared than previous measurements—but still they have very high levels compared than 
Europe and USA. There is very limited information for Mn, Sb and Se concentrations in Dhaka air. 
Correlation studies showed that several trace metals had potential joint sources of origin, e.g., 
manganese is highly correlated with iron (r2 = 0.97) and nickel (r2 = 0.84), copper (r2 = 0.86); lead 
with arsenic (r2 = 0.79) and antimony (r2 = 0.78). Enrichment factors analysis was also done with 
the data base for the respective metals in earth crust and coal fly ash. As and Cu both have com-
bined sources, whereas Cd, Pb and Zn were from coal fly ash.Trace metals concentrations in Dhaka 
city air were much higher than Europe and USA but comparable or slightly lower than other south 
Asian countries. This is the first extensive study for the eleven trace metals with ICP-MS in Dhaka, 
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Bangladesh. 
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1. Introduction 
Atmospheric particulate matter (PM) has significant impact on human health, climate change, visibility reduc-
tion, agriculture and atmospheric chemistry. Aerosol particles may include a range of chemical species, ranging 
from metals to organic and inorganic compounds [1] [2]. Among the inorganic compounds, most important ones 
are the trace metals, which are emitted by various natural and anthropogenic sources such as crustal materials, 
road dust, construction activities, motor vehicles, coal and oil combustion, incineration and other industrial ac-
tivities [3]-[7]. Health impacts associated with particulate matters are linked to respiratory, cardiovascular prob-
lems, premature mortality, lung cancer, heart diseases and also damage to other organs [8]-[11]. Several studies 
have indicated that different transition metals may act as possible mediators of particle induced injury and in-
flammation [12] [13]. The attention has often been focused on transition metals such as iron, nickel, chromium, 
copper, and zinc, based on their ability to generate reactive oxygen species (ROS) in biological tissues [14]. Us-
ing single-component regression analysis, Gurgueira et al. [15] described that the content of Fe, Mn, Cu, and Zn 
was strongly associated with the oxidative stress generated in the lung, whereas Fe, Al, Si, and Ti were asso-
ciated with the effects observed in the heart. The spatial and temporal variation in the risk of particulate matters 
is partially explained by chemical composition [16]. 
Atmospheric pollution is a serious public health problem in the developing countries especially Dhaka, Bang-
ladesh due to the unplanned rapid growth of the city [17]. Dhaka, with about 17 million people and 8% increase 
of population per year [18], is exposed to the high levels of trace metal pollutions from a variety of sources [17]. 
Due to the presence of high-level toxic elements, Dhaka has been considered as one of the most polluted cities 
in the world [18]. Air pollution in Bangladesh is mainly caused by traffics, brick kilns, industries, biomass 
burning, construction activity, soil dust, and also long range transport, etc. [19]. Trace metals levels have the 
high exceedances of WHO guideline values in South Asian countries (e.g., India and Pakistan) [20]. The present 
environmental condition especially atmospheric pollution in Bangladesh is not at all equilibrium. Severe air, 
water and noise pollution are threatening human health, ecosystems and economic growth of Bangladesh. Sev-
eral thousand people were died each year due to air pollution problemin Bangladesh. Thus, the monitoring of 
trace metals in atmospheric particulate matters in Dhaka city has become an essential part of environmental 
planning and control programmes in Bangladesh. 
With this objective, we aimed for assessing particulate matters with respect to eleven trace metals (As, Cd, Ni, 
Cu, Pb, Cr, Fe, Mn, Zn, Sb and Se) between January and February 2014 in University of Dhaka, Bangladesh. 
Results from this work can provide useful information on trace metal composition of particulate matters. The 
results can also be used to support further studies on the impacts of traffic and industries generated pollutants on 
human health in the highly populated Dhaka City, Bangladesh. 
2. Experimental Method 
2.1. Description of the Sampling Location 
Bangladesh is situated in the eastern part of south Asia. It is surrounded by India on the west, the north and the 
northeast, Myanmar on the southeast, and the Bay of Bengal on the south (Figure 1). Dhaka (Latitude: 
23.72839˚ North, Longitude: 90.39819˚ East, Elevation: 34.0 Meters), the capital of Bangladesh, is the centre of 
commerce and industries for the country. Dhaka is growing rapidly and faces all the problems associated with 
mega-city. Dhaka is situated on flat land surrounded by rivers. The exact sampling location is situated on the 
roof of Mukarram Hussain Khundkur Science Building, Department of Chemistry, University of Dhaka, Bang-
ladesh. 
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(a)                                                          (b) 
Figure 1. (a) Dhaka city map; (b) Map of Bangladesh.                                                            
2.2. Meteorology of the Sampling Location 
The climate in Bangladesh is characterized by high temperature and high humidity most of the year with a dis-
tinct seasonal variation of precipitation. The year can be divided into four seasons, pre-monsoon (March-May), 
monsoon (June-September), post monsoon (October-November) and winter (December-February) in Bangla-
desh [21]. On average, approximately 80% of the yearly rainfall occurs during May to September monsoon. 
Wind direction in Dhaka city is mainly from west and south-west direction at pre-monsoon, and from north and 
north-west at winter [22]. 
2.3. Particulate Matters Sampling 
Air sampling is defined as determining quantities and types of atmospheric contaminants by measuring and 
evaluating a representative sample of air. The most numerous environmental hazards are chemical, ones which 
can be conveniently divided into a) the particulates and b) the gases or vapours. In filtration process, the air is 
passed through a filter medium (normally a paper for solid contaminants and a sorbent for gases). The volume 
of air is measured against the amount of contaminant captured. This gives the concentration, which is ex-
pressed either as Nano gram per meter cube (ng∙m−3). Figure 2 is a typical example of the unloaded and 
loaded filters in Dhaka, Bangladesh. We were collected particulate matters with Gelman, Membrane Filters, 
Type TISSUQUARTZ, TISSUQUARTZ2500QAT-UP, 47mm diameter for both loaded and unloaded filters. 
2.4. Sampling Instruments 
The sampling was conducted by filtration technique and particulate sampler SPM machine was used for this 
sampling. Quartz fibre filters were used for air collection. Filtration sampling, which is actually a combination 
of filtration/impaction sampling, is the most widely used approach for the collection of atmospheric particulates. 
Filter-based sampling methods are widely used since filters are relatively low in cost, easily stored, and used for 
subsequent simple and/or complex analyses of collected SPM. Figure 3 is a flow chart for showing the air fil- 
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(a)                                                          (b) 
Figure 2. Loaded and unloaded filters at MHK Bhavan, Department of Chemistry, Dhaka, Bangladesh from January 2014 to 
March 2014. (a) 24-hour loaded filter; (b) Unloaded (blank) filter.                                                    
 
 
Figure 3. Flow chart of the air filtering system to collect particulate matter.                                   
 
tering process on the sampling filters. 
2.5. Description of Filtering of the Sample 
Aerosol samples of SPM were collected daily in Dhaka from January to March in the winter and spring of 2014, 
using a low volume homemade sampler (Vienna, Austria). All samples were collected on the roof of the Mukar-
ram Hussain Kkundkur Science Building, Department of Chemistry, Dhaka University using Quartz filter paper. 
The duration time of sampling was about 24-hour. The filters before and after sampling were weighed using an 
analytical balance with a reading precision 0.10mg after stabilizing under constant temperature (20˚C ± 1˚C). 
All the procedures were strictly quality controlled to avoid the possible contamination of the samples. 
2.6. Conditioning and Weighing of Filters 
All the filters that were used to collect sample were kept in a desiccator for 2 hours for conditioning. The weight 
of the conditioned filters was measured by a microbalance before exposure. The loaded quartz filters were kept 
in freeze at 4oC until chemical analysis to limit losses of volatile components. To reduce the organic species 
background level from filters, quartz filters were pre-treated at 800˚C for 200 min and then placed in clean poly-
ethylene Petri dishes. The Petri dishes were kept in the desiccator for two hours and finally stored in a freezer 
until field measurement. The loaded filters were sent to the Analytical Chemistry Laboratory for trace metals 
analysis with ICP-MS at the Department of Environment Sciences Informatics and Statistics, CàFoscari Univer-
sity of Venice, Italy. 
2.7. Microwave Digestion and Elements Analysis 
The half of the filter was digested by microwave digestion system (MARSX CEM Corporation USA) in a Tef-
lon vessel with 8 ml 69% HNO3 and 2 ml H2O2. The sample mixture was digested according to the CEN. EN 
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14902:2005 standards [23]. The digested solution was diluted to 50 ml with ultrapure water and stored at 4˚C in 
PTFE bottles. Elemental analysis of As, Cd, Ni, Mn, Cu, Fe, Pb, Zn, Cr, Sb and Se were performed using induc-
tively coupled plasma mass spectrometer (ICP-MS), model: 7700 Agilent, USA. Filter blanks and field blanks 
(filter kept inside the sampler but not used for air filtering) were prepared and analyzed together with the sam-
ples, following the same procedures and the values obtained were routinely subtracted from those of the samples. 
The limit of detection (LODs) was calculated for each ion and element as the three times the standard deviation 
of the blank values for each analyzed period, the limit of quantification (LOQ) is the lowest point of the calibra-
tion curve. The standards for the calibration curve were obtained by dilution from ICP multi element Standard 
Solution IV Merk and single element standard of VWR. The quality and accuracy of quantitative analysis were 
routinely checked analyzing the NIST SRM 1648 standard for air particulate. The recoveries of ions and ele-
ments were in the range of 80% - 110%. 
3. Result and Discussion 
All the collected samples from Dhakawere sent for analyses at the Air Pollution Laboratory, Regional Environ-
mental Protection Agency (ARPAV), Venice, Italy. An inductively coupled plasma mass spectrometer (ICP-MS) 
was used to determine the concentrations of the trace metals (As, Cd, Cu, Fe, Pb, Zn, Cr, Se, Sb, Ni, Mn). The 
concentrations of these trace metals with average values have given in Table 1. 
3.1. Arsenic 
Arsenic (As) and its compounds are ubiquitous in nature and exhibit both metallic and nonmetallic properties. It 
is a major ground water pollutant in many parts of Bangladesh. Millions of people are affected by As-related 
diseases in Bangladesh due to contaminated drinking water. It is therefore very important to check the As con-
centrations in the air of Bangladesh. The total average As concentration found at Dhaka was 3.06 ng∙m−3 varying 
from 1.50 to 4.20 ng∙m−3 (Table 1), which was about compared than the previously reported concentration (6.3 
ng∙m−3) in Dhaka by Salam et al. 2008.The allowable range for Arsenic in the United States was from 1.0 to 3.0 
ng∙m−3 for remote areas and 20 - 30 ng∙m−3 for urban areas [24]. In England, the mean concentration was 5.4 
ng∙m−3 with a declining trend over the period 1957-1974 [25]. Arsenic in air is present mainly in particulate 
forms as inorganic arsenic. It is assumed that methylated arsenic is a minor component in the air of suburban, 
urban and industrial areas, and that the major inorganic portion is a variable mixture of the trivalent and penta-
valent forms, the latter being predominant. Particulate arsenic compounds may be inhaled, deposited in the res-
piratory tract and absorbed into the blood. Arsenic is mostly coming from geogenic sources through it has some 
 
Table 1. Concentration of atmospheric trace metals in the particulate matters in Dhaka, Bangladesh for the period January 
2014 to March 2014. All units are in ng∙m−3.                                                                         
Elements As Cd Ni Pb Cr Cu Fe Mn Zn Sb Se 
 3.50 12.00 3.90 399.50 7.20 14.30 1665.50 38.70 497.70 6.10 2.90 
 2.40 1.80 4.70 88.80 11.00 14.60 3207.70 61.70 257.90 2.10 1.60 
 4.20 3.30 3.10 355.20 8.00 12.00 1727.70 34.70 304.40 9.20 3.20 
 3.20 2.50 4.90 228.70 7.90 10.50 2071.30 38.50 88.10 6.10 2.50 
 3.40 12.90 5.50 507.20 13.50 18.90 3022.10 65.10 474.60 5.10 3.40 
 1.50 5.70 2.10 127.80 4.40 7.00 1242.60 22.20 99.90 1.50 1.20 
 2.40 7.80 3.20 198.40 14.20 9.10 1920.00 40.10 481.90 3.00 2.60 
 3.90 4.30 2.80 539.00 6.40 9.50 1598.70 36.50 221.80 10.70 2.10 
Average 3.06 6.29 3.78 305.6 9.08 12.0 2057.0 42.2 303.3 5.5 2.44 
Maximum 4.20 12.90 5.50 539.0 14.20 18.9 3207.7 65.1 497.7 10.7 3.40 
Minimum 1.50 1.80 2.10 88.8 4.40 7.00 1242.6 22.2 88.1 1.50 1.20 
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other sources. Arsenic may also introduce in the air of Dhaka city through tobacco smoke and using pesticides 
containing Arsenic compound. It is estimated that the arsenic content of mainstream cigarette smoke is in the 
range 40 - 120 ng per cigarette. If consumption is 20 cigarettes per day, the daily intake from this source would 
amount to 0.8 - 2.4 μg. Moreover around the Dhaka city there are hundreds of Brick industries which also burn-
ing arsenic compound containing coal. Unexpectedly high As concentrations (325 ng∙m−3) were also observed at 
all four sites in Bangkok, Thailand [26]. 
3.2. Cadmium 
Average Cd concentration was found 6.28 ng∙m−3 varying from 1.8 to 12.9 ng∙m−3 (Table 1). The guideline 
value for Cadmium by WHO is 5.0 ng∙m−3 which is slightly lower than the average value and may be compara-
ble with our values, but three to fourfold lower than the values reported for other Southeast Asian sites [27] 
ranging from 0.2 to 34.9 ng∙m−3. The total average of Cd concentration in Dhaka city was 13 ng∙m−3 reported by 
Salam et al. [28], which is about two times higher than the current value. The sludge processing is one of the 
important sources for Cd. This lower value is indicating recent improvement of the sludge processing system in 
Dhaka city, Bangladesh. Cadmium in ambient air represents the majority of total airborne cadmium. Inputs from 
different categories of cadmium may affect human Cdintake and human health, but the levels and the transfer 
mechanisms to humans are substantially different among them. Whereas cadmium from occupational environ-
ments and cadmium from cigarette smoke are transferred directly to humans, cadmium in ambient air is gener-
ally deposited onto waters or soils, then eventually transferred to plants and animals, and finally enter the human 
body through the food chain. Cadmium has high toxic effects. It affects kidneys and responsible for accumulat-
ing stones in kidneys. 
3.3. Nickel 
Nickel (Ni) is the 24th most abundant element in the Earth’s crust, comprising about 3% of the composition of 
the earth. Nickel and nickel compounds have many industrial and commercial uses. Most of the Ni is used for 
the production of stainless steel and other nickel alloys with high corrosion and temperature resistance. Nickel 
metal and its alloys are used widely in the metallurgical, chemical and food processing industries, especially as 
catalysts and pigments. The sources of nickel are the paints and varnishes, dye, building material, electrical 
equipment and telephone cable, etc. The concentration of nickel is higher than any other location may causes of 
construction materials, paint and varnishes. Nickel is also uses for the galvanizing of metal plate. This may also 
be the cause of higher amount of nickel. In this study the average Nickel concentration was 3.77 ng∙m−3 varying 
from 2.1 to 5.5 ng∙m−3 (Table 1), which is similar to the reported Nickel concentration in many parts of the 
world. In a remote area of Canadian Arctic, the Ni levels of 0.38 - 0.62 ng∙m−3 were recorded (Hoff and Barrie 
1986), as compared to 124.0 ng∙m−3 in the vicinity of a nickel smelter [29]. In northern Norway, a level of about 
1.0 ng∙m−3 was recorded in an unpolluted area as compared to about 5.0n gm−3 some 5 km distant from a nickel 
smelter (average values 1990-1991). The highest recorded value was 64 ng∙m−3 [30] [31]. Concentrations of 18 - 
42 ng∙m−3 were recorded in eight United States cities [32]. These values correspond to the average value of 37 
ng∙m−3 for 30 United States Urban Air National Surveillance Network Stations for the period 1957-1968. This 
average decreased from 47 ng∙m−3 for 1957-1960 to 26 ng∙m−3 for 1965-1968. The mean (arithmetic) value for 
1970-1974 was 13 ng∙m−3 [33]. Ranges of 10 - 50 ng∙m−3 and 9 - 60 ng∙m−3 have been reported in European cit-
ies. Higher values (110 - 180 ng∙m−3) have been reported from heavily industrialized areas [34]. At Islamabad, 
Pakistan nickel concentration in TSP was 9.0 ng∙m−3 and at Beijing, China nickel concentration in TSP was 51.0 
ng∙m−3 [35]. The nickel concentration in TSP at Yamaguchi, Japan was 16.0 ng∙m−3 [36]. The average concen-
tration of nickel observed in the air at Dhaka city is higher than the other Asian cities. 
3.4. Copper 
The main environmental issues for the primary copper production are the potential emission to air of dust and 
metals/metal compounds and of sulphur dioxide from roasting and smelting sulphide concentrates or using sul-
phur-containing fuels or other materials. The average Cu concentration was 11.98 ng∙m−3 varying from 7.0 to 
18.9 ng∙m−3 (Table 1). Previously, Salam et al. [28] reported that the average concentration of copper at Dhaka 
University 31.0 ng∙m−3, which is about two and half times higher than the current finding. The average copper 
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concentration is showing decreasing tendency in Dhaka, the value of on 2003 was 54 ng∙m−3 [21], which is 
twofold higher than the 2008 and fivefold higher than the current finding. However, it is a clear indication of 
decreasing Cu concentration in the air of Dhaka city. The high concentration of Cu (65 ng∙m−3) was also ob-
served at four sites in Bangkok, Thailand [26]. 
3.5. Lead 
The main sources of lead are combustion of fossil fuels, paints and varnish, production of batteries, lead con-
taining waste water. The average Pb concentration found in this current study 305.75 ng∙m−3 varying from 88.6 
to 539 ng∙m−3 (Table 1). Lead compounds accumulate with PM in the atmosphere and gradually settle on the 
Earth’s surface. Scientists at the Bangladesh Atomic Energy Commission (BAEC) previously observed that 
Dhaka was the most Pb polluted city in the world for a part of 1996. A 17-month survey conducted by the scien-
tists of BAEC detected 463 ng∙m−3 Pb for PM2.5 in Dhaka air during the dry months (between November 1994 
and January 1996) [37]. However, the atmospheric Pb concentration in Dhaka is decreasing gradually, presuma-
bly due to the ban on leaded gasoline in Bangladesh, although it is still higher than that found in European cities 
and Far East Asian sites Taiwan (133 ng∙m−3) [38]. However, it is lower than that reported for Southeast Asian 
Sites such as Karachi, Pakistan, and Delhi, Mumbai, and Kanpur, India [39]. 
3.6. Chromium 
Chromium (Cr) is a grey, hard metal most commonly found in the trivalent state in nature. Hexavalent chro-
mium compounds are also found in small quantities. Chromite (FeOCr2O3) is the only ore containing a signifi-
cant amount of chromium. The ore has not been found in the pure form; its highest grade contains about 55% 
chromic oxide. Chromium is used in metal alloys and pigments for paints, cement, paper, rubber, and other ma-
terials. Due to the lot of tanneries in the vicinity of Dhaka city, chromium is relatively higher in Dhaka city. The 
concentration of chromium found in this study was 9.2 ng∙m−3 varying from 4.4 to 15.2 ng∙m−3 (Table 1 and 
Table 2). Information on concentrations of total and speciated chromium in the atmosphere is limited. Measure 
ments carried out above the North Atlantic, north of latitude 30˚ N, several thousands of kilometers from major 
land masses, showed concentrations of chromium of 0.07 - 1.1 ng∙m−3 [40]. The concentrations above the South 
Pole were slightly lower. The following chromium concentrations have also been reported: 0.7 ng∙m−3 in the 
Shetland Islands and Norway, 0.6 ng∙m−3 in northwest Canada, 1 - 140 ng∙m−3 in continental Europe, 20 - 70 
ng∙m−3 in Japan, and 45 - 67 ng∙m−3 in Hawaii [41]. Monitoring of the ambient air during the period of 1977- 
1980 in many urban and rural areas of the United States of America showed chromium concentrations ranged  
 
Table 2. Comparison of the average concentration of the determined trace metals with other locations of the world.              
Metals Current study Chinaa Indiab USAc Japand Pakistane Taejon, Koreaf Birmingham, UKg 
As 3.06 - - - - - - - 
Cd 6.28 - 6.7 0.77 0.45 2 3.24 0.5 
Ni 3.77 51 97 25.28 - 9 37.9 2 
Cu 11.98 - - 14.60 18.0 - - - 
Pb 305.55 46 380 15.04 5.75 210 243 27 
Cr 9.2 - 104 70.17 - 42 25.1 - 
Fe 2057.0 5100 5220 512.4 869.3 930 1633 204 
Mn 42.2 1210 - 1.89 34.7 57.0 50.3 6 
Zn 303.3 274 - 2.99 1386.2 542 240 30 
Sb 5.75 - - - - - - - 
Se 2.43 - - - - - - - 
aMori et al., 2003; bKhillare et al., 2004; cGoforth et al., 2006; dWanga et al., 2005; eShaheen et al. 2005; fKim et al. 2002; gHarrison et al. 1996. 
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from 5.2 ng∙m−3 (24-hour background level) to 156.8 ng∙m−3 (urban annual average) with the maximum concen-
tration was about 684 ng∙m−3 (24-hour average). Ranges of chromium levels in Member States of the European 
Union were given in a survey as follows: remote areas 0 - 3 ng∙m−3; urban areas: 4 - 70 ng∙m−3, and industrial 
areas 5 - 200 ng∙m−3. From the point of view of toxicity and carcinogenicity, chromium (VI) compounds are of 
much greater significance for workers and the general population than are trivalent and other valence states of 
chromium compounds. Therefore, chromium (VI) and chromium (III) have to be considered separately. This is, 
however, difficult to do when only total chromium is measured. 
3.7. Iron (Fe) 
Mining activities and other geochemical processes often result in the generation of acid mine drainage (AMD), a 
phenomenon commonly associated with mining activities. It is generated when pyrite (FeS2) and other sulphide 
minerals in the aquifer and present and former mining sites are exposed to air and water in the presence of oxi-
dizing bacteria, such as Thiobacillusferrooxidans, and oxidised to produce metal ions, sulphate and acidity. The 
average Fe concentration found in this study is 2057.0 ng∙m−3varying from 1242 to 3207 ng∙m−3 (Table 1). Iron 
exhibited relatively higher values because Fe may originate from soil dusts, poorly managed transport, and 
building construction, among others, the major sources of Fe are both anthropogenic and crustal in origin, in-
cluding iron and steel manufacturing units and the weathering of exposed Fe in urban areas. 
3.8. Manganese (Mn) 
Manganese (Mn) is an element widely distributed in the earth’s crust. It is considered to bethe twelfth most 
abundant element and the fifth most abundant metal. Manganese does not occur naturally in a pure state; oxides, 
carbonates and silicates are the most important manganese-containing minerals. The most common manganese 
mineral is pyrolusite (MnO2), usually mined in sedimentary deposits by open-cast techniques. Manganese occurs 
in most iron ores. Its content in coal ranges from 6.0 to 100 μgg−1; it is also present in crude oil, but at substan-
tially lowers concentrations. The average concentration of Mn found in this study was 42.2 ng∙m−3 varying from 
22.2 to 65.1 ng∙m−3 (Table 1), which is slightly higher than the average concentration found in some developed 
countries of the world. In the Federal Republic of Germany, annual mean concentrations of manganese ranged 
between 3 and 16 ng∙m−3 in Frankfurt, Main and Munich [42]; in Belgium over the period 1972-1977, annual 
mean manganese concentrations of between 42 ng∙m−3 and 456 ng∙m−3were reported [43]. The Environmental 
Agency of Japan reported an annual mean manganese concentration of about 20 - 800 ng∙m−3 in Japanese cities, 
with maximum 24-hour concentrations of 2 - 3 μgm−3 [44]. 
3.9. Zinc (Zn) 
Zinc is an element commonly found in the Earth's crust. It is released to the environment from both natural and 
anthropogenic sources; however, releases from anthropogenic sources are greater than those from natural 
sources. The primary anthropogenic sources of zinc in the environment (air, water, soil) are related to mining 
and metallurgic operations involving zinc and use of commercial products containing zinc. The average value of 
Zn was 303.3 ng∙m−3 varying from 88.1 to 497.7 ng∙m−3 (Table 1), which is much lower than the value (801 
ng∙m−3) obtained at a previous measurement [21] for SPM. Elevated concentrations of Zn have also been ob-
served for other Southeast Asian sites. The Zn concentration at Dhaka was much lower than that at Delhi [39] 
and Kanpur [45], India, but much higher than that found in Norway [46]. 
3.10. Antimony 
Antimony is a silvery-white metal. Antimony oxide is used to produce fire retardants, paints, ceramics and fire-
works. Antimony is released to the environment from natural sources and from its industrial processing. In the 
air, antimony is attached to very small particles. It may stay in the air for many days. The average concentration 
of Antimony found 5.47 ng∙m−3 varying from 1.5 to 10.7 ng∙m−3 (Table 1), which is slightly lower than the av-
erage value found in various cities of USA and higher than United Kingdom. In Chicago, the concentrations of 
antimony in air ranging from 1.4 to 55 ng∙m−3 with an average value of 32 ng∙m−3 whereas somewhat lower lev-
els (0.4 to 4 ng∙m−3) were reported from seven different sites in the United Kingdom [47]. 
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3.11. Selenium 
Selenium is commonly found as selenide minerals in rocks that also contain sulphides of silver, copper, lead, 
and nickel—and in other forms in water and dry soils. Selenium is used in electronic and photographic equip-
ment, glass, pigments, rubber, pesticides, dietary supplements, and livestock and poultry feed. Trace amounts of 
selenium are present in coal and oil. When electric utilities burn these fuels at their power plants, selenium is re-
leased in very small amounts. Selenium is released into the air by soils as they erode in wind. Breathing large 
amounts of selenium dust can irritate the lungs, and cause headaches and dizziness. In this study the average 
concentration of Selenium was found 2.43 ng∙m−3varying from 1.2 to 3.4 ng∙m−3 (Table 1). It is satisfactory to 
say that the level of selenium in the air of Dhaka city is very relatively low. There is no previous measurement 
for selenium in atmosphere of Dhaka so far as we know. 
3.12. Comparison of the Trace Metals in Dhaka with Other Cities of the World 
The highest average concentrations for the measured trace elements were observed for iron, followed by lead, 
Zinc, Manganese, copper, Chromium, Cadmium, Antimony, Nickel, Arsenic, Selenium. Compared with other 
South Asian cities the determined concentrations of trace elements at urban Dhaka exhibited typically lower 
levels for some trace elements than observed in Lahore, Pakistan and Calcutta, India but for some trace elements 
it exhibited much higher values (Table 2). The average arsenic concentration in Dhaka is 3.06 ng∙m−3 below the 
orientation value of the German TA-Luft of 13 ng∙m−3 (German TA-Luft). Still, the average arsenic concentra-
tion in Dhaka is lower than at other south Asian polluted cities such as, Lahore, Mumbai and Calcutta. Average 
cadmium concentrations were close to the WHO [19] guideline value (5 ng∙m−3) for the annual mean. The trace 
metal concentration in Dhaka is relatively low compared than other south East Asian cities—maybe there are 
not many metal processing industries in and around Dhaka city. But the concentration levels may be higher at 
other cities in Bangladesh with many metal and steel manufacturing industries e.g., Chittagong. 
3.13. Correlation Factor 
Correlation coefficient is a measure of the linear correlation between two variables and giving a value between 
+1 and −1. Where 1 is total positive correlation, 0 is no correlation, and −1 is the total negative correlation. It is 
widely used in the sciences as a measure of the degree of linear dependences between two variables. However, 
the correlation factor for various metals were derived and shown in the Table 3. As for the metal to metal corre- 
lation Manganese is highly correlated with Nickel (r2 = 0.84), Iron (r2 = 0.97) and Copper (r2 = 0.86). Zinc is 
correlated with Cadmium (r2 = 0.77), Chromium with Zinc (r2 = 0.65), Iron with Nickel (r2 = 0.84), Antimony 
with Arsenic (r2 = 0.92), Selenium with Arsenic (r2 = 0.73) and Antimony (r2 = 0.66), Lead with Arsenic (r2 = 
 
Table 3. Correlation coefficient of various metals with metals (r2 ≥ 0.65 is in bold).                                           
 As Cd Zn Ni Cr Fe Sb Se Mn Pb Cu 
As 1 0.08 0.26 0.22 −0.04 0.00 0.92 0.73 0.14 0.79 0.38 
Cd  1.00 0.77 0.22 0.32 0.05 −0.09 0.52 0.24 0.49 0.50 
Zn   1.00 0.26 0.65 0.26 0.01 0.66 0.44 0.39 0.57 
Ni    1.00 0.51 0.84 −0.09 0.45 0.84 0.12 0.81 
Cr     1.00 0.65 −0.29 0.43 0.43 −0.03 0.46 
Fe      1.00 −0.28 0.18 0.97 −0.07 0.77 
Sb       1.00 0.48 −0.16 0.78 0.04 
Se        1.00 0.32 0.63 0.59 
Mn         1.00 0.14 0.86 
Pb          1.00 0.39 
Cu           1 
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0.79) and Antimony (r2 = 0.78) indicating a common source of these metals as also manifested in strong correla-
tions. 
3.14. Enrichment Factor (EF) 
Iron is a major constituent in the earth crust but also immaterial derived from the crust such as soil dust, road 
dust, dust from construction activities, etc., and also coal fly ash. The relative amount of Fe in the earth crusts is 
5.0% m/m [48]. In dust from soil, shale, and other crust-related material the Fe content is not far from the crustal 
abundance. Also the inorganic material in coal is crust-related. The average Fe content in coal fly ash (total 
emitted dust) is around 8.5% m/m [49]. To roughly separate trace elements from crustal and non-crustal sources, 
crustal enrichment factors (EFs) were applied to the results. In Table 3 the enrichment factors were derived for 
the Dhaka urban aerosol (averages) relative to the composition of the earth crust and of coal fly ash using Fe as 
the reference element. The enrichment factor (EF) [50] is defined as the double ratio of the concentration of the 
determined element (X) to that of Fe in aerosol and in the reference sources e.g. earth crust or coal fly ash. 
[ ] ( ) ( )50 aerosol crustor coal fly ashEF X Fe X Fe=  
By convention, an arbitrary average EF value < 10 indicates that a trace element in particulate matter has a 
significant crustal source, and in contrast, an EF value of >10 is considered as a significant proportion of an 
element with a non-crustal source [51]. The enrichment factors of trace element with respect to the levels of the  
crustal enrichments are presented in Table 4. Cd, Pb and Zn are crustal elements (EF < 10) and others are non 
crustal elements (EF > 10). Non-crustal elements associated with particulate matter near the highways mostly 
come from vehicle emissions [52] [53]. Concentrations of some trace elements (Cd, Pb, Zn) are considerably 
enriched in relation to the crustal abundances. The combustion of coal is the source for Cd, Cu, Pb and Zn, while 
tire rubber abrasion and brakes are found to be major contributors to Cd, Pb, Cu and Zn in the ambient air near 
high-traffic zones [54]. Zn could come from multiple sources, such as vehicle emissions, tire tread [55] [56], 
diesel soot, oil industries and coal combustion [57]. However, similarities are found between the abundance of 
most elements relative to coal fly ash. In particular EFs for the aerosol relative to coal fly ash for Cd, Cu, Pb, Zn, 
are not too far from one (within a factor of around 5, Table 4). The EF for As is 4 and for Cu is 5 relative to 
earth crust, and for coal 0 and 2 pointing to a potential geogenic as well as anthropogenic source. The highest 
enrichment factor for Cd, Pb, Zn showed that they are not from geogenic sources but they really introduced into 
the environment from anthropogenic sources such as coal fly ash. 
4. Conclusion 
People from all over the world are concerned more about the air pollution aspects due to the increased rate of 
mortality and morbidity and also multifarious affects of particulate pollution on our environment. In this regard 
it is imperative to have a systematic study ascertaining the facts concerning the nature, sources, and trends of the 
particulate pollution in city Dhaka. This study was undertaken especially to look into these aspects. During the 
study period it was found that the average concentration of some metals viz. Fe, Pb, Zn, Cu to be of higher order 
can most likely be attributed to rapid development, increased vehicle emissions to the atmosphere, and to the 
 
Table 4. Enrichment factor [50] analysis for the selected trace metals in Dhaka, Bangladesh.                            
Elements Dhaka ng∙m−3 
Earth crust 
mg∙g−1 
Coal fly ash 
mg∙g−1 
Dhaka 
EF/CRUST Dhaka EF/FLY 
As 3.06 0.018 0.400 4 0 
Cd 6.28 0.00008 0.000 1908 0.0 
Pb 305.6 0.013 2.200 571 6 
Cu 11.98 0.055 0.300 5 2 
Fe 2057 50.00 85.00 1 1 
Zn 303.3 0.070 2.300 105 5 
Enrichment factors “EF” (reference element Fe) for Dhaka urban aerosol relative to earth crust and to coal fly ash. 
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lack of sophisticated management of wastes and effluents from factories. Although for some metals like Ni, Cu, 
Se, Sb contamination is not as severe as in other developed cities of the world. Metals like Fe, Zn, Se, Pb, Cu 
showed strong inter correlations indicating isogenic source in nature, whereas As, Cd, Ni are neither correlated 
with any metal indicating different sources of emission. Enrichment factor analysis also enabled to identify the 
actual sources for the metals. Enrichment factors based on Fe as a reference element indicate that coal combus-
tion is a major contributor to Fe, Cu, Pb and Zn in the Dhaka particulate matters. The comparison study also 
presents an alarming picture of airborne trace metals in Dhaka city. Therefore, it is high time to develop an air 
pollution abatement strategy to protect people from the hazardous effects arising from elevated atmospheric 
trace metal levels by the systematic study of air pollution. 
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